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Ultrastructure of a specialized neck region in the
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Ulfrastructure of a specialized neck region in the rabbit nephron.
The transition between the glomerulus and the proximal tubule
was studied by light and electron microscopy in perfusion-fixed
rabbit kidneys. In most nephrons a transitional segment of
tubule occurred between the Bowman's capsule and the proxi-
mal tubule proper. This initial part of the tubule was lined by
flattened cells and formed a cytologically distinct neck segment.
The nephron population was heterogeneous with respect to the
length of this neck segment regardless of the level of the cortex.
The neck cells contained an abundance of thin filaments often
oriented at right angles to the long axis of the tubule and com-
parable in thickness to actin filaments. The presence of actin-like
filaments suggests that neck cells may effect changes in the dia-
meter of the neck segment and, thus, influence single nephron
glomerular filtration rate.
Ultrastructure d'une region spécialisée du collet du néphron de
lapin. La transition entre le glomérule et Ic tube proximal a été
étudiée par microscopie photonique et electronique dans des
reins de lapin fixes par perfusion. Dans la plupart des néphrons,
un segment transitionnel du tubule existe entre la capsule de
Bowman et le tube proximal proprement dit. Cette partie initiale
du tubule est bordée de cellules aplaties et forme un collet cyto-
logiquement distinct. La population des néphrons est heterogCne
en ce qui concerne la longueur de ce collet et ceci a tous les
niveaux du cortex. Les cellules du collet contiennent en abon-
dance des filaments fins souvent orientés perpendiculairement a
l'axe du tubule et d'épaisseur comparable a celle des filaments
d'actine. La presence de ces filaments semblables a de l'actine
suggére que les cellules du collet peuvent determiner tine modi-
fication du diamètre de ce collet et ainsi influencer la filtration
glomérulaire du même néphron.
It is well documented that in the kidney of amphibia
and most fishes a specialized, ciliated segment, fre-
quently referred to as the neck segment, is interposed
between the glomerulus and the proximal tubule [1—3].
A similar cytologically distinct neck segment is not
generally recognized in mammals [3—6] except in cer-
tain pathologic conditions [7—9]. However, a constric-
tion in the initial part of the proximal tubule has been
reported to occur occasionally in some species [10,11].
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Other early light microscope studies quoted by von
Möllendorff [4] have indicated that in the cat and some
other mammalian species the initial part of the proxi-
mal tubule may be lined by flattened cells. Besides this
species variation, the glomerulotubular junction may
differ somewhat from individual to individual [4, 10,
11]. Since the glomerulotubular junction is critically
located for influencing the effective glomerular filtra-
tion pressure and the passage of fluid into the proximal
tubule, we have carried out an electron microscope
study in the rabbit kidney to extend previous light
microscope observations. We have analyzed in some
detail the ultrastructure of the mammalian neck cells
and report here, among other data, an abundance of
actin-like filaments in these cells.
Methods
Five male adult white rabbits of the New Zealand
strain were used. A special procedure for anesthesia
was employed to avoid vascular reactions during sur-
gery prior to fixation of the kidneys (de Mello, per-
sonal communication). The rabbits were first given i.p.
injections of 1 ml of sterile 0.9% sodium chloride daily
for one week to condition the animals for the anesthe-
sia. Lidocaine (0.5) was infiltrated around an ear
vein and the rabbit anesthetized by an i.v. injection of
1 ml of 5% thiopental sodium (Pentothal, Abbott)
followed by an i.p. injection of 3 ml of 5% pentobarbital
sodium (Nembutal, Abbott) and 0.5 ml of 0.1 % atro-
pine [12]. A rubber band was placed around the thorax
to stimulate respiration. About eight minutes after the
initial dose, the rabbit was given another 0.3 ml of 5%
thiopental sodium i.v. The kidneys were then fixed by
perfusion with glutaraldehyde through the abdominal
aorta as previously described for rats (method 1 in
[13]). The glutaraldehyde was purified with activated
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charcoal prior to use. The fixative solution contained
2% glutaraldehyde in 0.1M cacodylate buffer and 4°/
polyvinylpyrrolidone (PYP, mol wt about 40,000,
Sigma Chemical Company). The fixation was preceded
by a short rinse with a mammalian Ringer's solution
which was contained in the tubing connecting the con-
tainer of the fixative and the perfusion needle. The
fixative was perfused for three to five minutes and
pieces of the kidneys then excised and kept in the same
fixative at 4°C for 24 hr or more. The tissue was rinsed
in 0.1M cacodylate buffer containing 4% PVP and post-
fixed in 1% 0s04 for one hour, dehydrated in ethanol
and embedded in epoxy resin (Epon 812). Sections were
cut on an ultratome (LKB Ultratome III). To identify
the initial part of the proximal tubule, long series of
semithin sections were cut from tissue blocks from all
cortical levels. Within some of these series, ultrathin
sections were cut for electron microscopy. Semithin
sections were stained with toluidine blue. Ultrathin
sections were stained with uranyl acetate and lead
citrate and examined with an electron microscope
(Siemens Elmiskop 1A or JEOL JEM bOB).
Results
The location of the transition from the parietal layer
of the capsule of Bowman to the proximal tubule is
variable in the rabbit kidney (Figs. 1—4). Occasionally
the typical epithelium of the proximal tubule begins
precisely at the urinary pole of the glomerulus (Fig. 1).
In other nephrons this transition occurs within the
tubule at some distance from its beginning, thus form-
ing a cytologically specialized initial segment of the
tubule (Figs. 2—5). We find it convenient to call this
initial part of the tubule the neck segment, although it
is not homologous to the ciliated neck segment of sub-
mammalian classes and does not necessarily represent
a constriction of the tubule.
Fifty-five transitions between the parietal epithelium
of Bowman's capsule and the proximal tubule were
identified by light microscopy in serial sections that
passed closely parallel to the long axis of the initial
part of the tubule. All transitions which were not posi-
tively identified by serial sectioning were excluded from
analysis. The sections were obtained from blocks ran-
domly selected from all parts of the cortex in five ani-
mals. The length of the neck segment was variable
(Figs. 2—4) and ranged up to a maximum of 90 i. Each
rabbit exhibited a wide range of different types of
transitions. A neck segment was completely absent in
only five nephrons (Fig. 1), and in a few nephrons there
were only a few scattered flat cells at the transition.
It was repeatedly noted that the axis of the neck seg-
ment was oriented tangential to the glomerulus (Figs.
2 and 4). Due to tangential orientation, part of the
wall of the neck facing the center of the glomerulus
sometimes formed a valve-like protrusion which separ-
ated the space of Bowman and the lumen of the neck
(Figs. 2, 14 and 15).
The neck cells were similar in fine structure to the
cells of the parietal, epithelium of Bowman's capsule.
The nuclei were frequently located at the very begin-
ning of the neck (Fig. 5). Beyond the region of the
nucleus, the thickness of the cells was 1000 to 3000 A
(Figs. 6 and 10). The cytoplasm contained small num-
bers of the usual cell organelles including microtubules
and, in addition, exhibited filaments with a thickness
of 50 to 80 A (Figs. 7—9). In many parts of the cells
these filaments formed thick bundles which were often
oriented at right angles to the axis of the tubule. The
bundles of filaments were particularly prominent in the
cytoplasm adjacent to the nuclei.
The cytoplasm in many regions contained small
cytoplasniic vesicles. In the same regions the cell mem-
brane formed small invaginations, mainly from the
luminal side but also from the peritubular side (Figs. 11
and 13). As a result the cytoplasmic layer which separ-
ated apposing cell membrane was sometimes only
about 100 A in thickness. The basement membrane
was similar to that of the proximal tubule. Capillaries
apposed to the neck segment usually showed a fene-
strated endothelium (Fig. 12).
Discussion
The present observations provide clear evidence
for structural heterogeneity among nephrons with
respect to the beginning of the tubule. However, this
Figs. 1 to 4. Light photomicrographs of sections of the initial part of proximal tubules oriented close to the long axis of the tubule.
Erythrocytes are present in renal vessels because some blood was allowed to flow into the kidneys during the late phase of perfusion
fixation to act as markers of the arterial tree. Fig. 1. The epithelium of this proximal tubule begins directly at the urinary pole of the
glomerulus. The transition from the cells of the parietal layer of Bowman's capsule is abrupt with no intermediate cell types. x 460.
Fig. 2. The epithelium of this proximal tubule begins about 35 from the entrance of the tubule. The initial part of the tubule is lined
with flattened cells and forms a distinct neck segment. Due to the tangential orientation of the neck segment in relation to the glomerulus
the neck epithelium is directly apposed to the outside of Bowman's capsule, thus forming a thin, valve-like protrusion (arrow). x 460
Fig. 3. A neck segment is present between the glomerulus and the proximal tubule but no valve-like protrusion or constriction is observed
x 460. Fig. 4. Long neck segment measuring about 75g. The transition from flattened neck cells to proximal tubule cells is abrupt. x 460.
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Fig. 5. Electron micrograph of the same neck segment as shown in Fig. 4. Continuity with the glomerulus and a proximal tubule is
demonstrated. The thin wall of the neck segment is closely apposed to the basal aspects of loops of the proximal tubule as well as
parts of cortical capillaries (C). The nuclei of the neck cells are characteristically located near the beginning of the segment. x 2200.
Fig. 6. Higher magnification of an area in Fig. 5. Note the thin wall, the scarcity of cytoplasmic organelles, occasional invaginations
(arrow) of the plasma membrane and the occasional short microvilli. The basement membrane of the neck wall is separated from the
basement membrane of the adjacent proximal tubule by only a very narrow interstitial space. x 12,000.
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Fig. 7. Higher magnification of one of the neck cells seen near the entrance of the tubule in Fig. 5. Electron-dense masses representing
bundles of filaments are abundant in the cytoplasm of the neck cell and are shown in more detail in Figs. 8 and 9, which are from
adjacent sections of areas corresponding to the rectangles. x 13,000.
Fig. 8. Bundles of filaments cut longitudinally in places. x 56,000.
Fig. 9. Bundles of filaments cut transversely (outlined). The appearance of the filaments is similar to that of actin filaments. x I 14,000.
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Fig. 14. Light photomicrograph of section through the initial part of the tubule. The transition to the epithelium of the proximal tubule
is not located at the same distance from the urinary pole around the lumen. An "islet" of proximal tubule cells near the urinary pole
(arrow) is separated from other proximal tubule cells by flattened cells apposed to a capillary (C). At the opposite side of the tubule,
neck cells are apposed to parietal cells of Bowman's capsule, thus forming a thin valve-like protrusion. x 460.
Fig. 15. Electron micrograph of the valve-like protrusion in Fig. 14 obtained from an adjacent thin section. Note the delicacy of this structure
dividing Bowman's space (BS) from the lumen of the tubule (L). The transition to the proximal tubule cells show no cells of inter-
mediate type x 2800.
heterogeneity appears not to be related to the location
of the nephron in the cortex, i.e., juxtamedullary or sub-
capsular.
In several mammals, including the rat, the transition
between the parietal layer of Bowman's capsule and
the proximal tubule is abrupt and located at the urinary
pole of the glomerulus. In the mouse, part of the pane-
tal layer of Bowman's capsule is replaced by cells
identical in structure to those in the proximal tubule
[14]. Although previous light microscope observations
reported that the beginning of the tubule was lined with
flattened cells in some mammalian species such as the
cat [4], the neck segment has previously not been ob-
served by electron microscopy. One important reason
for this is the difficulty of identifying this segment when
it is collapsed, as is the case following immersion fixa-
tion, which has been used in most previous studies of
the rabbit kidney. Contributing reasons may be dif-
ferences between strains and even individuals of the
same strain [10, 11].
If the neck segment possessed the ability to change
diameter, then this region could influence the single
nephron glomerular filtration rate (SNGFR). Al-
though changes in the diameter of the neck under dif-
Fig. 10. A neck segment cut transversely. The segment was idçntified by serial sectioning and observed to be continuous with the proximal
tubule. The distinctive characteristics of the neck segment as compared to the proximal tubule proper are shown: thin wall, scarcity of
cytoplasmic organelles and occasional short microvilli. Note the apposition of fenestrated capillaries (C). x 3700.
Fig. 11. Wall of neck segment. Occasional invaginations of the plasma membrane are present from the luminal and the peritubular
side. The basement membrane of the neck sement is closely apposed to the basement membrane of the proximal tubule. x 32,000.
Fig. 12. Fenestrated capillary apposed to the wall of the neck segment. x 32,000.
Fig. 13. Cytoplasmic vacuoles,presumably endocytic in nature andplasma membrane invaginations on both sides are observed. The thickness
of the wall may be only 100 A due to the invaginations, but complete communications through the neck wall (pores) are not observed.
x 39,000.
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ferent functional conditions have yet to be demon-
strated, the presence of both the filaments in the neck
cells and the valve-like protrusions provide some basis
for speculation. The filaments observed in the neck
cells are similar in structure to filaments observed in
other types of kidney cells, including cells of the pane-
tal layer of Bowman's capsule [15—19] and proximal
tubule cells [6, 16—18, 20]. In the neck cells it is parti-
cularly intriguing that many filament bundles are pre-
sent in cells located at the very beginning of the neck
segment and that they are oriented more or less at right
angles to the axis of the tubule. If the filaments are
contractile, they may function in much the same way as
a sphincter. The possibility that the filaments are con-
tractile in nature is suggested by their similarity in both
thickness and arrangement to actin filaments that have
been identified in other kidney cells [20]. However,
direct evidence to support this postulated functional
role is lacking at this time. Alternatively, it is also quite
possible that the filaments are actually noncontractile
in nature and serve to prevent closure of the valve-like
region at the neck by acting as a "cytoskeleton" [19].
The valve-like protrusions observed in some nephrons
as the common wall of the neck segment and the panic-
tal layer of Bowman's capsule may narrow the entrance
to the tubule at high pressures in the space of Bowman.
The presence of a neck segment, cytologically quite
different from the proximal tubule, in the beginning of
the tubule may also be of significance for the transport
of water and solutes across the tubule wall. Since neck
segment cells contain only few mitochondria, it appears
unlikely that the cells have much active transport.
However, endocytic activity is suggested by the cyto-
plasmic vacuoles and cell membrane invaginations at
the luminal and the peritubular sides of the cells. Al-
though unproved, the possibility exists that the vacu-
oles and invaginations form part of a transport system
across the tubule wall corresponding to the large pore
system in nonfenestrated capillaries [12]. It is also
possible that the neck cells offer a different resistance
to passive transport across the tubule wall than do
other tubule cells. In this context it is of interest that
the neck segment is often closely apposed by fenes-
trated capillaries.
The well known lability of the rabbit glomerular
filtration rate to various stimuli, such as apnea, is
generally considered a vasomotor response [12]. The
existence of neck segments containing filament-rich
cells may suggest a greater complexity of the renal re-
sponse in the rabbit.
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